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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide silica-based 
microparticles of low refractive index, and to provide a 
base material with a coating film excellent in adhesion 
to resin or the like and antireflectivity. 
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SOLUTION: This silica-based microparticle is such that, 
as shown in the figure 1 (a), there is a hollow 20 
inside a shell 10 consisting of a silica-based inorganic 

oxide; wherein the shell 10 may be either porous, or (c) (d) 



such as to seal up the hollow 20 with the micropores 
closed, and, as shown in the figure 1 (b), is preferably 
a silica-based multiple coating layer composed of a 1st 
silica coating layer 11 and a 2nd coating layer 12. 
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jm&<D$m\zfflfflz nx v n€> fe*, 
m^<Dm^ffi&#i*tm.iz±£>), nmtmitLit. 
mzmi&mzuftmzftx t> y mw>om 

lt2-3. T3*^fc2/y*5M*K?T?^ ^WRjWttflffb 

[0 0 3 1] ±8Bbfe*HBIftaS#Kfc^T, * 

tJoJWWWl. 6oaT©#^lctt, S^*®lc®^f 
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*mmt& 3 i: jtfjfgte 4x-5„ if MSBWW) J^f**< l • 

m<Dmtftm£cr>mt±i* < mm±m&\zmitcmm 
&i&m'?hvv>7x£(DW£<mx°3b>). xmz&vmm io 

[0 0 3 2] 

immm] MTizm-tmffiwiz&v, *ftmzmzR{$. 
[0033] mmn 

jsvjjmtm- (p-D omm 20 

WGftl 5 n m, S i 0 2 mm 2 0 U * 

1 0 0gt*t7Kl 9 00g©M-^l$:8 0°C{CitlML 
feo z:©Sf5#?R© p H 1 0 . 5 T-fe »; , RIBftc s 

1 02 i: L/T l . l 7mM.%<Z>W&r h U C AtK^S 9 
0 0 0 gi:A i 2 o 3 tito. 83M»%©t;i/5> 

sw- h y * atk^s 9 0 0 0 g h mmicmBLt^ * 
itmmm. 1 2. 5tc±#u fkzmt^tz 

MgX'ffifr L X m&fr&m 2 0 WM%(D S i o 2 • A 1 30 

2 o 3 wm-mmwmht=. a ccsu) > 

' 5 0 0 g id** 1 , 7 0 0 g ZMZ-X 

9 8icicitflau z.ams&:&&L&&e>, msti-bv 

(S i0 2 ?gg3. 5fifi%) 3, 00 0g& 
Wfco CDfS(b) ) 

o v vt% Pi^wi^T-s&t Lxmmftmm 1 3 ss%tc 

0g[:|t*l, 12 5g$r*nA, 5. 40 

5%) SrWTl/TpHl. OtU BfcT/l/SxtfAflSS 
Zft-o fc„ #^T% p H 3 (Di^lK^S 1 0 L £ frfofc 5 

g& LT, H^mg 2 0 l U 5: 

^Ufc^UjWMWB* (M)©4MfB«S:W8Lfc. 
tDg(c) ) 

MO x /Si0 2 (^Mb) , fciOWf^ 
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KU JS^*WSIS&rifci: LTCARGILL ^©Series 

[0034] ftH^pjptgf^paaa^a 

(1) 3telWWI0&l^&xAjKl/-*-fc#y, 

(2) rti&i2oic-e<©»u 

(3) Jg^ami©^«M£:2, 3«*f5;MSU: 

(4) ±ih (3) <mfe*m*oymmm?m\\ m 

[0 0 3 5] awt»«ttgfr (A-l)©§St 

i/vuMm* <r-\)oyfflmwmmm\zmu & 
mma>7i<.zx-& ; -Mzms&Lt^ ^©x# j -hvji 

n>fFl 007 > HStffcfifc (80 W) 3 gfcittW^ 
D It J n—f9J -)1<D 1 / 1 (MAit) 

^R^PETT'^^A^t-n-^-ST-^U 8 0 
•CT% 1 4>W9S«3-ftT, ^H^^HOl^*': 1 0 0 n m 

(A-l)©^«^jg^ ^>fX M«5 5 0nm©^ 

©MM*fej:tf^©M#f^S:^2{c^-r 0 ^yea^© 

^feJ:t>*^>rXtt, ^\-X^-^- UtfRNtfi (^) 
$?) (CJ:»J, iR*W8tt4>3t«Sff (a*^3ttL Ubest- 

yy>-*- (ULVACtfjSH, EMS-l) lC<k'JM 

7b^9 0. 7% /\-fX^2. 0%, iS5 5 0nraffl* 

[0 0 3 6] (A-l)®^Sf»C^>f 
■7T'^ 1 mm(DVmX 1 1 ^©WftflSSf*^ 1 0 0 

«©JfB&f£y, Mz-kuyyy^-zf^^mu Ik 

-m&Lx^zftuamz. «T©3«PBK:d»r*i 

^#51-aom8 5~8 9M:0 
^#^B®^8 4MyT :A 

[0 0 3 7] (B-l)(0ia§ 
X^;i/J/U>T-h (Si0 2 i$2 8il%) 20g, 
x^y-;i/4 5 gfe*0^ifoK5. 3 3g©M-^^£tc^ 

6. 7g&M^LT^m$:iS^Lfc 0 3©»M&^ 
BJ^f 5 X=K©aMtC 5 0 0 r p m, 10 Tf ^. tf 

^— aacj:»j»(fLfc«. 1 6ott*3om mm 
misxmiffi&<Di&Mtfi2 o o n m<Dmmw&ttmi 
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^3«P^9 2. 0% /\-fX#0. 7% jJfcR5 
5 0 n m(Dm8KD%M*&tf 4 . 0 o 

[0038] (mwm 

mmm 1 ©2/ y (p-d n«wc ut, 

ZCg(a) &«T, »12/U*«ffl0iS:JgriEbfc«!K3^ 

tH*«:»fc ccecb) ) «. Rs^seai^T'S^LT®^ 10 
atsar 1 3 ms% {c* o « i s/ u 1 1=. 

W&ttW&S 0 0 giOjifoKl, 12 5g£#n>L £<d 
lC«ffffl!l(3 5. 5%) SStFLTpHl. 0£U IK 
T^xtfZdlSi&ffofc. 3cvv?f, P H 3 0>Wmm 

$»©«&#©-Bfl £Bfc£ L fc S i 0 2 • A 1 2 O 

3 mmm^$im*mm\,t~ (nw) . ±se# 

7L®!(S-?^«C^1 500gi:, tt*500g, x#y- 

7 5 0 gfe-fcl)^ 8%T> ; E— T7K6 26gil® 20 

«£*&3 sncSBi&Lfctfe. x^;i/£/y>>r-h (Si 
o 2 2 8«i%) 1 0 4 g SrSs&nu Hi i/VljWSM 
*Bi& L t~mLW&tt>mW £ x^;i, 2/ I) >r- h©#[Kk 

^s^h^t-^lth 2 >> y ^wmm^mX't^ 
fcm&wm 2 o g*%© u umts* (p-2) ©jm 

(SEM) T^LfeilZlS, #<©«fS^«EIl 
(d) ©J^JCftRStlfc. 

[003 9] MWWmtfmi (A-2) . (B-2) ©$St 30 

l © 5/ U (P-l) ©#tH*©ftb »J tc 

S/UAJMWft?- (P-2)©#fi^&M^fcJ^««0fli 

©aMstfaBtwait* (a-d, (B-i)©sst^^cLT, 

^Bffl^f«** (A-2X (B-2)^#fc„ 
[0 0 4 0] UHSM3] 

»>u (p-3)©gg|g 
m&W2<Ds/v%xm&3- (?-2)<DmmtmmizLx. 

Hi ^U*MSM&^Lfc#?L®K-?©*®S:x^;i/ 

2/ y h (DUMiimwm&tox-mt lth 2 */ y 

5fi*%*T»KBLfctft. iggl 5a*%©T>^xT 
*&&n;tT P H 1 0 i: U it- 1/--/T* 1 8 01C, 

(P-3)©#fg££aB8S!Lfc. 3©«z-f- (P-3)5:^aa!! 

tfiNi (sem) xmmLt^t^ g><oym& 

ttHl (d) ©<fcotc|^$tifc„ 
^MUtt^M (A-3), (B-3)©8Si 

1 ©£"J jj&BtaSfr (P-D ©3«©fSb »J fC 
S/'J****^ (P-3)©#i^£Mv\U^ttiy^Jl 50 
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ommwrnms (a-d, (B-i)©§s££ifaastcL-c 

JS^fflltf^tt (A-3), (B-3) 

[0 0 4 1] mfeMD 
isVimSffifr 0M)©W8B 

sam 3 r**#fc $/ u u&mfcF- (p-3) ©^jfSM&iai 
u *v ve 8 5 o °c v 2 msmrnxm ut >> y Agnatic 

-?- (P-4)fe»Lfc 0 Zl©^-?- (P-4) &j£3SW?« 
tKBE (SEM) THBRbfcfciS, #<©«|ffB*01 

(d) ©j^icttg&stife. 

^H^MH#at (A-4X (B-4)©$£gr 

2/ y (p-4) &x# y -Mc^MRs-aria^ 

as 2 0 «*%© 2/ y U&mifr (P-4) ©£|JBSi: U 
ift SrHSfeM 1 ©2/ y #3M8Sflfr?- (P-l) ©#»&S©ftfo 

y icfflvNfcj^iiiogM i mmmmmmi (a-d, 

<0-D<z«8a4:B«WcUT, (A-4X 
(B-4) Sr»fe„ 
[0 0 4 2] QtGttH5) 
i/Vjjmim- (P-5)©|j^ 

mmiOJMia) {C^VnT, Si0 2 tlTO. 9 8 

mM%(Dmsn- b y * A 1 2 o 3 1 LT 
1.02 «*%©t;i/^ h y ^ atK^s^ 
bfcjs«w*ia6w 2 h m^ic lt, h i 2/ y 33 

HJfeM 1 © 2/ y **«6K? (P-D ©4MR»©f«D »J »C 

2/ y tsimm- (p-5) ©sHSW&ffl^feewasafiW 1 

©^«#»t (A-l), (B-l)©SS§i:|Bl«{CLT, 
[0 0 4 3] 

2/y^r^ifcK-?- (p-6)©gg^ 
?L®fs-?©^si:x5 L ;i/2/ y >t- b<nim6mm^ma 

T-^SUTH2 2/ y rt«BW8:JK»Lfc«. x/WU- 

^--e@^mK5a*%*T'^iu asi 5a*% 

©T^xr^fcinx-TpHi oi:U 

T-18 0"C, 2^i^MIU fiB046fflK&ftV*T& 

j -)uzmmhtzM^m§.2 oaa%©>>y 

A^»l5z-? (P-6)©4m^$:»Lfc 0 
jgBH%M#aM (A-6X (B-6)©j^g 

mm 1 ©2/ y ^j^is^^ (p-i) ©^«©f^> y c 

2/ y (P-6) ©4)«$:Mv ^fcJSWtSjaSW 1 

©^«#S*J (A-l). (B-l)©$Sti:PI«(CLT. 
®0e^#SW (A-6), (B-6) 
[0 0 4 4] QKKM7] 

S/U^^WK?- (P-7)©iM^ 

j»M«67?ff^UAMKM?- (P-6)©i)«?r^ 
U ^V%T'8 0 0rT'2^r^t^CTLT2/U*^ffiS!lS 

mmmrn* ca-7>, (&-7)©isst 
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m.zo £*%©>> y am®* <m) <»%m$.t u 
ztizmm i ©s/ y Kimm- (p-d ©#$c$©ftb 
y KiM^fejewiiHSfiw i coattBSififtfiitJ (a-d, 

(B-DCDiStfcH^fCUT, ^^ttStt (A-7), 

(B-7)&#fe. 

[0 0 4 5] (^$18) 

HJ6Wl©:Eg(a) K;I3VVT\ Si0 2 tbTO. 7 6 

h y * kj$m.h. ai 2 o 3 

1.25 S*%©7;i^ >®H" h y ?A?k?g$ci: 

2 ^iwi^tc br, m 1 2/ y aaawas 

J:tfSI2S/y*tSHIiS:?Kl«LfcH^>«S2 0M»% 
©S/U**»MHF> (P-8)©#fScS&£ifS8l/fc. ^©« 
-?• (P-8) $r^ay*-?^« (SEM) T?|^gLfctr 

5. #<©m&?&iai (c) ©j:}(c«BS<5*ifc. 

awtgBtfjaStf (A-8), (E-8)<ogBi 

gtge* i ©2/ u ijmBSfr (p-d o>6mm<Dm> y ic 

(OilWlf (A-l), (B-l)©Sgg£|WI«l{CbT, 
SWScKMSM (A-8), (B-8) 

[0 0 4 6] &m&m 
i/^jj^mr- (p-9)©ngj^ 

5nm, S i 0 2 ?Sg 2 0 tt%©>> y # 
1 0 0 g fclteK 1 9 0 0 gOm&VS*: 8 0"C(CMgL 
fe„ i©SF5«$t© pHlilO. 5 T*& y , BflMSlC S 

io 2 tiro. 9 6 s*%©»*- h y ? A?K?mg 9 

000gilSnO2 till. 04J|*%©»#y^ 
ZcWffift9000gfcS:H«fJC®6DLfc. ^©H, <K£ 
WiCDUmz 8 oiCKHSfSLfc. £fS$t© p HiSfflnA 
«, 12. 5(c±#U *©«. »i3Htbfc#*ofc. 

J*UTBB^M8*2 OS*%©S i 0 2 'Sn0 2 iS 

« 2 h^tc lti& 2 i/ y fswmmoym-m^no z.t\,z 

«ky. CP-9)®4MBS««:IBSbfc. z:© 

Has* (p-9) (sem) -ettsiLfe. 

tZ\5, #<©«RW4H1 (d) ©<fc-Mc«|gl3*l 
jgggjggjgg (A-9), (B-9)©g£g 

l ©2/ y (P-D ©£»»©«*> y (c, 

2/U**«B5* CP^)©4H^&JB^fc^M3a6«i 

©jgHJJ&Sltfg** (A-l), (B-l)©|Sgil|SI«fCLT, 
(A-9), (B-9) fettfe. 

[0 0 4 7] 

S/y*#«fiE?- (P-io) ©iM§^ 

^SSMl©X^(a) ICfcWt, Si02 £UT1. 5S 
*%©3l®tf- h <J ? ATK^St, Al2 0 3 tUTO. 

5fi*%©T;i/^ ym-r h y ^atK^m^ £$ys ufcfi* 
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2omS%<z>i/V*&9m& (P-10) ©dftiftfcMSL 

%pjj%BittaM (A-io) , (B-io) ©gag 
mmiv>isv*mm- <p-i) ©#»«©«*>»;&:, 

S/UsWMWfc? (P-10) ©4m»Sffl^fc«^ttiafi« 
l«ti#lM (A-D, (B-i)©SSg^|W!^(cb 
T, &&t!ggftt£tt (A-10) , (B-10) fcfcfe. 
[0 0 4 8] Ci*K«2) 

io s/y^^msg- (p-ii) ©nag 

5 nm, S i O2 itK2 0 **%©£/ 'J j&vOb 

1 0 g 1 9 0 g n zm-&LTixj&&mzmmu 

9 ttlZtmittco £©HJ£fl8R©pHttl 0. 5T*fe 

y, hwrk: s i o 2 t hx 1 . 5fi*%©Ji^- h y 

•^A7K^K2 4, 900gi:, Al 2 O3 tbtO. 5 

M4%©r;i^ yWtr h u a*?§IK 3 6, 8 o o g t. 
h u ^©aamaife, 12. 5tc±#u -e© 

•W&Jjru K^MiSKT'^ LT 2 os»% 
©S i 02 • A 1 2 O3 ««^>t!aRS:iBHL/fc. 
T% Z&MfcHm&SOOgZmLU 7 0 

0 g $r*P^T 9 8 "C tCilfia L, 3©MK&^b^ 

e>> ^^hy^-Mcj§?ss:i^>f^>$«i^[siT'flttT;i/ 
*y bT#e>*ife^«« (s i o 2 wm3. 5M*%) 
3 , 0 0 0 g LT^fS-?*S{cig 1 2/ u 

^LTS^tgJSl 3Mi%tc|^Lfe©t», 
30 0 0 gtCjtifoKl. 125g5:M. S^ica*^ 

(3 5. 5%) SWTLTpHI. OilU flKT;i/^- 
V^WmZfi-D fc©*>, P H 3 ©i^K^t 1 0 L il&E 

*5 l &to&&tfbmmmx*m&Lt=.TJv$. -^a 
fa^u n 1 s/ y *««ii&^Lfc#?uHiKE?^ 
«c^&MS§Lfe 0 ±aa» 1 2/ y *WBM&m\,itm> 

mmffiMi 500 g*:, M*5 0 0g, x^y-;u 

1, 7 5 0 gfeM^ 8%7> ; E-7*6 2 6 g^ffiil 
£*«:3 5iCK:flnifiLfetfe. x^S/U^r-h (SiO 
2 2 8M*%) 1 0 4g»U Hi S/<J*4KBW& 

40 ^ Lfc^Tusas^iDajffitcx^^s/ y ^- h ©in*4> 

Ai)H/—#— xmrnftmrn 5 ms% * xwm l m 
m 1 5aa%©r> ; tx7'*&*iiAT phiohu * 
-h^u-yr- 18 0-0, 2msmmfimu mmm 
mzm^xmti:^* j -;ucg& l ^ mi&frmm 2 0 

Sft%©S/y**l»teT- (P-ll) ©^IMRSrWBHUfe. 
MB^W^#gM (A-ll) , (B-ll) ©gsg 

njfe^j 1 ©s/ y *^«»!fs^ (p-d ©^^«c?s©fcfc y ic, 

i/VXmm* (P-ll) ®^«t»[S:fflv^JS^tt*S6« 
50 1©^^M#SM (A-l), (B-i)©5ffiii:ra»fcb 
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t, mmmmt (a-id , cb-id 

[0 0 4 9] C«3R«3) 
S/UftftWifiH 1 (P-12) (OBBSt 

¥*^fS 5nm, S i 0 2 2 0 £/ U # VOb 
1 0 0 g 1 9 0 0 g 1 LT£(S**&MHH 
U 9 5TCtCjDfiLfe. £«XRf6«iRa>pHttl 0. 5 
T*& 'J , HfcJRK SiO2^LT0. 69 
^-hU^A*^9, OOOgt A1 2 0 3 
l . 9 2MA%(D7)VS. ywtf- b D ^A7K^g9 , 0 0 
Ogfc&HI^^Lfc. -e©IH. fifS»®jSSS:9 5 10 
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* >is^ h u ^©saneift. 12.5 {c_l# u 

ttfWftSJU P^I«aKT^LT®^SK2 OS 

*%©s i o 2 • a 1 2 o 3 Mttmmzmmvt~. 
^mmmm^^mm^mwm. (sem) t*«bi? 

[0 0 5 0] 

»1] 





® tt 






M 


wet 


*/ x ) 


* * t 






SKI 




HiM 1 


g2jf 




Wit 


*m 








(MOx 




m 


m 


(MOx 










/Si0 2 ) 


(nm) 


(nm) 


(nm) 


/SiQ2) 


(nm) 




p-1 


Al/Si 


0.35 


2 




2 


0.0021 


30 


1.31 


P-2 


Al/Si 


0.35 


2 


8 


10 


0.0019 


46 


1.31 


P-3 


Al/Si 


0.35 


2 


8 


10 


0.0019 


46 


1.32 


P-4 


Al/Si 


0.35 


2 


8 


10 


0.0019 


46 


1.28 


P-5 


Al/Si 


0.50 


3 


5 


8 


0.0017 


47 


1.28 


P-6 


Al/Si 


0.50 


3 


5 


8 


0.0017 


47 


1.30 


P-7 


Al/Si 


0.50 


3 


5 


8 


0.0017 


47 


1.25 


P-8 


Al/Si 


0.75 


4 


5 


9 


0.0012 


53 


1.25 


P-9 


Sn/Si 


0.35 


2 


8 


10 


0.0023 


44 


1.32 



P-10 Al/Si 0.171 1 2 

P-ll Al/Si 0.288 3 7 

P-12 Al/Si 1.20 - - 

[0 0 5 1] 

[*2] 30 



23 ^ian mx gflre «a area 





8»g 






JB*r* 






<*> 


(%) 


(ao 






A-l 


96.0 


0.5 


0.5 


1.34 


o 


A-2 


95.9 


0.6 


0.6 


1.35 


o 


A-3 


95.8 


0.6 


0.7 


1.35 


o 


A-4 


96.0 


0.7 


0.4 


1.30 


o 


A-5 


96.1 


0.7 


0.4 


1.31 


O 


A-6 


95.7 


0.7 


0.6 


1.34 


O 


A-7 


96.5 


0.8 


0.2 


1.27 


O 


A-8 


96.7 


0.8 


0.3 


1.26 


© 


A-9 


95.2 


0.8 


0.7 


1.36 


0 


A-10 


94.3 


1.8 


1.0 


1.43 


O 


A-ll 


93.7 


2.5 


0.5 


1.37 


o 


A-12 













40 



[0 0 5 2] 
IMS] 

50 



3 0.00796 30 1.40 
10 0.0022 96 1.33 



sa ±3fe» EL*t* mm 















<so 


(%) 


(%) 






96.4 


0.2 


0.5 


1.32 


B-2 


96.2 


0.4 


0.5 


1.32 


B-3 


96.2 


0.4 


0.6 


1.34 


B-4 


96.5 


0.5 


0.3 


1.27 


B-5 


96.7 


0.3 


0.3 


1.29 




96.0 


0.3 


0.4 


1.32 


B-7 


97.0 


0.7 


0.3 


1.24 


B-8 


97.1 


0.4 


0.2 


1.24 


B-9 


96.2 


0.4 


0.7 


1.35 


B-10 


94.8 


0.7 


0.8 


1.41 


B-ll 


94.0 


1.2 


0.7 


1.36 


B-12 











[0 0 5 3] 

mat. wffimv. m^mtvmm. mz. imw 
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21 22 
mRWWVftSm 11 H 1 5/ U iJWSM 

m 1 1 lamas/ y **«&?(©wiaBrT?*>*. 12 n 2 > y *4£kv 

10 22 

[an 




(72)WB# flag ft" 

M5B^yiiHr^tfeMfc^BT13- 2 

(72)«w# /jvi& ams 

mmumimvmmvn3-2 mm 



F 4G072 AA25 BB05 BB16 DD08 GG01 

GG03 HH21 HH28 JJ21 KK03 
NN21 QQ09 RR19 SS02 SS12 
TT02 UU04 UU07 
4J037 AA18 CB23 CC28 DD05 DD06 
EE03 EE11 EE16 EE25 EE43 
EE46 FF02 



